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UHFRYHULQJSRO\HVWHU
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$EVWUDFW
7KHDLPRIWKLVZRUNZDVWRGHYHORSDQDQWLPLFURELDOSRO\HVWHUILEHUE\DSRO\HOHFWURO\WHGHSRVLWLRQWHFKQLTXHIROORZHG
E\ VLOYHU QDQRSDUWLFOHV IRUPDWLRQ LQ VLWX$WWDFKHG VLOYHUPHWDOOLF QDQRSDUWLFOHV $J13V EHKDYH OLNH D VLOYHU FDWLRQV
$JUHVHUYRLUZKLFKDUHUHOHDVHG WR WKHHQYLURQPHQWZKHQH[SRVHG WRDZHWPHGLXPVXFKDVDQRSHQZRXQG6LOYHU
FDWLRQVDFWDJDLQVWPLFURRUJDQLVPVE\UHDFWLQJZLWKSURWHLQVIURPFHOOXODUPHPEUDQHVGHQDWXULQJWKHP7KLVHIIHFWOHDGV
WRDOWHUDWLRQVLQRUJDQLVPJURZWKDQGRUGLUHFWFHOOXODUGHDWK7H[WLOHVZHUHSUHSDUHGE\DOD\HUE\OD\HUWHFKQLTXHWZR
RSSRVLWHFKDUJHGSRO\HOHFWURO\WHVQDPHO\3$+SRO\DOO\ODPLQHK\GURFKORULGHSRVLWLYHO\FKDUJHGDQG3$$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DFLGQHJDWLYHO\FKDUJHGDUHGHSRVLWHGLQDQDOWHUQDWLQJPDQQHULQRUGHUWRJHQHUDWHWZRELOD\HUV3$+3$$)LEHUV
DUH WKHQ LPPHUVHG LQ D $J12 VROXWLRQ IRU D ODSVH DGHTXDWH WR DOORZ $J GLIIXVLRQ LQWR WKH SRO\PHULF QHW DQG
VXEVHTXHQWO\ WKH\ DUH FKHPLFDO\ UHGXFHG E\1D%+ WR IRUP VLOYHU QDQRSDUWLFOHV $J13V 7KH DPRXQW RI VLOYHU WKXV
GHSRVLWHGZDVPHDVXUHG WREH LQ WKH UDQJH  PJ$J  JU ILEHU7KHVH WH[WLOHVZHUH WKHQELRWHVWHG DJDLQVW
6WDSK\ORFRFXVDXUHXVUHVXOWLQJLQDVLJQLILFDQWJURZWKLQKLELWLRQRIELRPDVV

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWK
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 ,QWURGXFWLRQ
6LOYHUKDVEHHQXVHGLQPHGLFLQHVLQFHDQFLHQWWLPHVLQVHYHUDOZD\VVXFKDVPHWDOOLFVLOYHUVLOYHUQLWUDWH
VLOYHUVXOIDGLD]LQHHWFIRUWKHWUHDWPHQWRIEXUQVRSHQZRXQGVDQGDZLGHUDQJHRIEDFWHULDOLQIHFWLRQV7KH
DQWLPLFURELDO DFWLYLW\GHSHQGVRQ WKH DYDLODEOH VLOYHU DPRXQW LQ WKH VXEVWUDWH DQG WKH UHOHDVH UDWH0HWDOOLF
VLOYHU $J LV LQHUWEXW LW LRQL]HVZLWKZHW VNLQDQGZRXQG IOXLGV ,RQL]HGVLOYHU $J LVYHU\ UHDFWLYH LW
UHDFWVZLWKEDFWHULDOFHOOXODUZDOODQGFHOOXODUPHPEUDQH LQGXFLQJFHOOXODUGLVWRUWLRQDQGGHDWK6LOYHUDOVR
UHDFWVZLWKEDFWHULDO'1$DQG51$ WRR GHQDWXUDOL]LQJ DQG LQKLELWLQJ LWV UHSOLFDWLRQ >/DQVGRZQ --
&DVWHOODQRHWDO@
%\PHDQV RI QDQRWHFKQRORJ\ GHVLJQ RSWLRQV RIPHGLFDO FDUH SURGXFWV FRQWDLQLQJ$J13V DV DQ DFWLYH
FRPSRQHQWFDQEHH[SORUHGLQRUGHUWRHQKDQFHDQWLPLFURELDODFWLYLW\HIILFLHQF\DQGWRH[WHQGWKLVHIIHFWIRU
WKH XVHIXO OLIH RI WKH SURGXFWV ,Q WKLV GHVLJQ FDUHIXO DWWHQWLRQ VKRXOG EH SDLG WR WKH DYRLGDQFH RI QRQ
GHVLUDEOH FROODWHUDO HIIHFWV VXFK DV WKH UHOHDVH RI VLOYHU WR WKH HQYLURQPHQW GXH WR FOHDQVLQJ SURFHVVHV
1RZDGD\V QDQRPHWULF SDUWLFXODWHPDWHULDOV DUH EHLQJ XVHG DV DQWLPLFURELDO DJHQWPDLQO\ EHFDXVH RI WKHLU
KLJK DUHDYROXPH UDWLR DQG WKHLU XQLTXH FKHPLFDO DQG SK\VLFDO SURSHUWLHV >0RURQHV HW DO  .LP HW DO
@
1DQRSDUWLFOHVDUHFOXVWHUVRIDWRPVZLWKVL]HVEHWZHHQDQGQP6LOYHUQDQRSDUWLFOHVFDQEHZLGHO\
XVHG LQ ZRXQG WUHDWPHQW LQ GHQWDOPDWHULDOV LQ WH[WLOH FRDWLQJV LQ ZDWHU WUHDWPHQW HWF GXH WR WKHLU ORZ
WR[LFLW\ IRU KXPDQV KLJK WKHUPDO VWDELOLW\ DQG ORZ YRODWLOLW\ >'XUDQ @ 7KH GHYHORSPHQW RI
QDQRFKHPLVWU\ DOORZV WKH SURGXFWLRQ RI YHU\ VPDOO VLOYHU QDQRSDUWLFOHV DURXQG  QP UHVXOWLQJ LQ D
QRWLFHDEOHLQFUHDVHLQWKHUHOHDVHRIVLOYHULRQV
$ZLGHYDULHW\RIVORZUHOHDVHVLOYHUWH[WLOHVFDQEHIRXQGLQWKHPDUNHWZKLFKGLIIHU LQVLOYHUDPRXQWV
FDWLRQ UHOHDVHSDWWHUQV DQG FOLQLF DSSOLFDWLRQV7KHUH LV DOVR DZLGH UDQJHRI SUHSDUDWLRQ WHFKQLTXHV EXW LQ
JHQHUDOWKH\FDQEHFODVVLILHGLQWZRPDLQJURXSVLQVLWXWHFKQLTXHVQDQRSDUWLFOHVDUHIRUPHGGLUHFWO\LQVLGH
WKHILEHUVDQGH[VLWXWHFKQLTXHVVXVSHQGHGQDQRSDUWLFOHVDUHILUVWSURGXFHGDQGPRGLILHGDQGWKHQGHSRVLWHG
RQWKHILEHUV
/D\HUE\OD\HUWHFKQLTXHZDVLQWURGXFHGE\'HFKHU>'HFKHU'HFKHUHWDO@WRSURGXFHXQLIRUP
SRO\HOHFWURO\WHPXOWLOD\HUVRYHUGLIIHUHQWVXEVWUDWHV7KLVWHFKQLTXHZRUNVE\DEVRUSWLRQGXHWRHOHFWURVWDWLF
IRUFHV DULVLQJ IURP D FKDUJHG SRO\HOHFWURO\WH GHSOR\HG RYHU DQ RSSRVLWH FKDUJHG VXUIDFH %HFDXVH RI DQ
RYHUFRPSHQVDWLRQ FKDUJH HIIHFW LW LV SRVVLEOH WR DEVRUE DQRWKHU SRO\HOHFWURO\WH ZLWK RSSRVLWH FKDUJH %\
DSSO\LQJ WKLV SURFHVV LQ D VHTXHQWLDO PDQQHU PXOWLOD\HU ILOPV FDQ EH REWDLQHG ZKLFK WKLFNQHVV FDQ EH
FRQWUROOHGDWDPROHFXODUOHYHOE\ILWWLQJGLIIHUHQWSDUDPHWUHVVXFKDVQXPEHURIOD\HUVS+LRQLFIRUFHHWF
7KHQDQRSDUWLFOHVDUHVXEVHTXHQWO\SURGXFHGLQVLGHWKHVHQDQRVWUXFWXUHGQHWV
5XEQHU DQG KLV JURXS DW 0,7 >5XEQHU DQG 6KLUDWRUL @ LQWURGXFHG WKH IRUPDWLRQ RI PHWDOOLF DQG
VHPLFRQGXFWLYH QDQRSDUWLFOHV RQ SRO\HOHFWURO\WH PXOWLOD\HUV ZKLFK ZRUN OLNH QDQRUHDFWRUV /DWHU
+LQHVWUR]DCV WHDP >'RQJ HW DO @ DSSOLHG DPRGLILHG QDQRSDUWLFOH V\QWKHVLV DQG GHSRVLWLRQ PHWKRG WR
PRGLI\V\QWKHWLFDQGQDWXUDOVWH[WLOHV

1RPHQFODWXUH
$J13VVLOYHUQDQRSDUWLFOHV
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([SHULPHQWDO
7H[WLOHSUHSDUDWLRQ±/D\HUE\OD\HUWHFKQLTXH
)LEHUV SUHYLRXVO\ FOHDQVHG E\ HWKDQRO DQG ZDWHU ZHUH LPPHUVHG LQ D VHTXHQWLDO SURFHVV LQ WKH
SRO\HOHFWURO\WH VROXWLRQV 3$+ SRO\ DOO\ODPLQH K\GURFKORULGH SRVLWLYHO\ FKDUJHG DQG 3$$ SRO\ DFU\OLF
DFLG QHJDWLYHO\ FKDUJHG IRU DERXW  PLQXWHV LQ HDFK VROXWLRQ 7KH VHTXHQFH ZDV UHSHDWHG WZLFH WKXV
JHQHUDWLQJWZRELOD\HUV3$+3$$RYHUWKHSRO\HVWHUILEHUVVXUIDFH7KHILEHUVVRFRDWHGZHUHLPPHUVHGLQ
D$J12P0VROXWLRQIRURYHUKRXUVDQGWKHQUHDFWHGZLWK1D%+IRUKRXUVLQRUGHUWRFRPSOHWHWKH
FKHPLFDOUHGXFWLRQE\ZKLFK$JZDVFRQYHUWHGLQWR$JPHWDOOLFQDQRSDUWLFOHV
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)LJ±/D\HUE\OD\HUWHFKQLTXH,QPHUVLRQLQ3$+±:DVK,QPHUVLRQLQ3$$:DVK
(OHFWURQPLFURVFRS\
$IWHU ILEHUV SUHSDUDWLRQ WKH\ZHUH FKDUDFWHUL]HG E\ VFDQQLQJ HOHFWURQPLFURVFRS\ 6(0 WR GHWHUPLQH
QDQRSDUWLFOHVVL]H
$WRPLFDEVRUSWLRQVSHFWURVFRS\
6LOYHU DPRXQW LQ ILEHU ZDV GHWHUPLQHG E\ DWRPLF DEVRUSWLRQ VSHFWURVFRS\ WULSOLFDWH DQDO\VLV 6DPSOHV
ZHUHSUHSDUHGDVIROORZVPJRI ILEHUZDVSUHWUHDWHGZLWKPOFRQFHQWUDWHG+12 IRUDERXWKRXUV
7KHUHVXOWLQJVROXWLRQZDVWKHQGLOXWHGWRPODQGDQDO\WLFDOTXDQWLILFDWLRQZDVSHUIRUPHG
0LFURELRORJ\FDODVVD\
$QWLPLFURELDODFWLYLW\ZDVHYDOXDWHGE\WKHVWDQGDUGWHVW-,6/)LYH[PPVDPSOHVZHUH
SUHSDUHG ZLWK 13V$J DQG ILYH ZLWKRXW 13V$J 7KH\ ZHUH SXW LQWR LQGLYLGXDO 3HWUL GLVK DQG WKHQ ZHUH
FRYHUHG FRPSOHWHO\ ZLWK  O RI DQ [ 8)&PO 6WDSK\ORFRFFXV DXUHXV FXOWXUH 3HWUL GLVKHV ZHUH
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LQFXEDWHGDW&DQGUHODWLYHKXPLGLW\DQGVDPSOHVZHUHWDNHQLQLWLDOO\WLPHDQGDWVXEVHTXHQW
LQWHUYDOVRIDQGKRXUVZDVKHGZLWKPORIVDOLQHVROXWLRQDQGGLOXWHGDWDUDWLR7KHQ
PORIWKLVGLOXWHGVROXWLRQZDVJURZQRQDQXWULWLYHDJDUPHGLXPLQ3HWULGLVK5HVXOWVZHUHTXDQWLILHGDV
QXPEHURI&)8FRORQ\IRUPDWLRQXQLWV

5HVXOWVDQGGLVFXVVLRQ
&KDUDFWHUL]DWLRQ
2QWKH6(0LPDJHV)LJDQG)LJLWFDQEHVHHQWKDW13V$JZHUHIRUPHGLQWKHFRUUHFWZD\ZLWKLQ
WKHSRO\HVWHUWH[WLOH7KH\SUHVHQWHGVSKHULFDOIRUPQPDYHUDJHVL]HDQGWKH\ZHUHGLVWULEXWHGXQLIRUPO\
LQ WKH VXUIDFH 7KHVH UHVXOWV VXJJHVW WKDW WKH V\QWKHVLV PHWKRG DQG WKH QDQRSDUWLFOHV LQVHUWLRQ RQ WKH
SRO\PHULFPDWUL[ZHUHVXFFHVVIXO
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)LJ3RO\HVWHUILEHUVZLWKRXW$J136(0LPDJH&0$8%$
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)LJXUH3RO\HVWHUILEHUVZLWKQPDYHUDJH13V$J6(0LPDJH&0$8%$
QP
QP
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6LOYHUFRQFHQWUDWLRQ
5HVXOWVRIDWRPLFDEVRUWLRQVSHFWURVFRS\SURYHGWKDWWKHDPRXQWRIVLOYHULQWKHILEHUVUDQJHGEHWZHHQ
DQGPJ$JJUWH[WLOH7DEOH

7DEOH6LOYHUFRQFHQWUDWLRQRQILEHUV
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
$QWLPLFURELDODFWLYLW\
7KHDQWLPLFURELDODFWLYLW\DJDLQVW6WDSK\ORFRFFXVDXUHXVLVVKRZHGLQILJXUHZKHUHWKHHYROXWLRQRIWKH
QXPEHURI&)8P/ZLWKWKH LQFXEDWLRQWLPHLVSORWWHGIRUGLIIHUHQWPDWHULDOV7KHEOXHOLQHFRUUHVSRQGVWR
WKHHYROXWLRQRI&)8RQSRO\HVWHUZLWKRXW13V$JZKLOHWKHUHGOLQHUHSUHVHQWVWKHEDFWHULRVWDWLFSHUIRUPDQFH
RI SRO\HVWHU ZLWK13V$J ,W FDQ EH VHHQ WKDW WKH&)8PO FRXQW LQFUHDVHV ZLWK WLPH IRU SRO\HVWHU ZLWKRXW
13V$J LQGLFDWLQJ WKDW EDFWHULD SUROLIHUDWH FRQWLQXRXVO\ ZKLOH IRU WH[WLOH ZLWK 13V$J WKH QXPEHU RI
&)8POUHPDLQVFRQVWDQWLQWLPHVKRZLQJDQLQKLELWLRQHIIHFWRQEDFWHULDOJURZWKTXLWHSUREDEO\GXHWRD
UHOHDVLQJRI$JIURPQDQRSDUWLFOHVPHFKDQLVPDVPRVWDXWKRUVDJUHH
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)LJXUH'HYHORSPHQWRI6WDSK\ORFRFFXVDXUHXVYVWLPHRYHUSRO\HVWHUWH[WLOHVZLWKRXWEOXHDQGZLWKUHG13V$J
$VVD\1
$YHUDJHDPRXQW
PJ$JJUILEHU
6WDQGDUG
'HYLDWLRQ
  
  
  
  
(
(
(
(
(
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(
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&RQFOXVLRQV
7KH UHVXOWV RI WKLV ZRUN VKRZ WKDW WKH OD\HU E\ OD\HU WHFKQLTXH DOORZV D FRQVLVWHQW DQG UHSURGXFLEOH
SUHSDUDWLRQRISRO\HVWHUWH[WLOHVZLWKPLFURELFLGDORUEDFWHULRVWDWLFSURSHUWLHVVXLWDEOHIRUXVHLQPHGLFDOFDUH
SURGXFWV,WZDVDOVRSURYHGWKDWDXQLIRUPQDQRSDUWLFOHGLVWULEXWLRQRYHUILEHUVVXUIDFHLVDFKLHYDEOHE\WKHLQ
VLWXFKHPLFDOUHGXFWLRQRIDQDQRVLOYHUSUHFXUVRUDQGWKDWWKHFRQFHQWUDWLRQRIVLOYHUWKXVREWDLQHGLVHQRXJK
WRZDUUDQWDVLJQLILFDQWDQWLPLFURELDODFWLYLW\DJDLQVW6WDSK\ORFRFFXVDXUHXVZKLFKZDVFKRVHQDVDPRGHO
PLFURRUJDQLVP WDNLQJ LQWR FRQVLGHUDWLRQ LWV ZLGHVSUHDG GLVWULEXWLRQ LQ PRVW NLQGV RI HQYLURQPHQW DQG
VSHFLILFDOO\ DW PHGLFDO IDFLOLWLHV )XUWKHUPRUH WKH XQLIRUP VL]H  QP DYHUDJH DQG FXDVLVSKHULFDO
PRUSKRORJ\RIQDQRSDUWLFOHVDOORZDQHDUO\RSWLPDOVXUIDFHYROXPHUDWLRDQGDUHDVRQDEOHVORZUHOHDVHRI
$JVRWKDWWKHEDFWHULRVWDWLFHIIHFWLVTXLWHFRQVWDQWZLWKWLPHDVFDQEHVHHQIURPILJXUH
)XUWKHU ZRUN LV QHHGHG LQ RUGHU WR VKRUWHQ SURFHVVLQJ WLPHV VR WKDW WKH WHFKQLTXH PD\ EH PRUH
FRPPHUFLDOO\ FRPSHWLWLYH $ FRPSOHPHQWDU\ OLQH RI ZRUN UHODWHG WR WKH VDPH REMHFWLYH VKRXOG EH WKH
LPSOHPHQWDWLRQRIVWDQGDUGFOHDQVLQJWHVWVLQRUGHUWRDVVHVVVLOYHUUHWHQWLRQRQWKHILEHUVLQRUGHUWRRSWLPL]H
WKHHFRORJLFDOIRRWSULQWRIWKHSURFHVV
$FNQRZOHGJHPHQWV
7KLVZRUNZDV IXQGHG MRLQWO\ E\1DQRWHN6$ DQG D JUDQW IURP$JHQFLD GH 3URPRFLyQ&LHQWtILFD \
7HFQROyJLFD$UJHQWLQD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